A Single-Center 10-Year Experience with Pasireotide in Cushing's Disease: Patients' Characteristics and Outcome
patients with CD and persistent/recurrent hypercortisolism. Pasireotide is a multireceptor-targeted somatostatin analogue acting at pituitary level recently approved in both the EU and US for the treatment of adult patients with CD in whom surgery has failed or is declined. The Phase III study found that pasireotide treatment is effective in reducing biochemical markers as well as in improving signs and symptoms of hypercortisolism in about 30-50 % of CD patients with a safety profile similar to other somatostatin analogues with the exception of the increased risk of hyperglycemia [8, 9] . The 2-year extended Phase II and Phase III studies confirmed these results and the longterm benefit achieved during pasireotide treatment [10, 11] . In this study, we report our 10-year experience with pasireotide in CD by reviewing and analyzing data about all the patients treated with pasireotide at our referral center and regularly Introduction ▼ Cushing's disease (CD) is a rare and severe clinical disorder caused by an ACTH-secreting pituitary adenoma and characterized by chronic exposure to cortisol excess [1] . Pituitary surgery is the first-line therapy [2] ; however, the longterm remission rate is lower and up to 20 % of patients present recurrent disease [3, 4] . Persistent hypercortisolism has been associated with impaired health-related quality of life and increased mortality, mainly due to cardiovascular complications [5] [6] [7] .
Considering the benefit to risk ratio related to alternative treatments such as repeated pituitary surgery, bilateral adrenalectomy, and radiotherapy [3, 4] , there is an absolute need for a longterm effective and safe medical therapy in Pasireotide is the first pituitary-directed drug approved for treating patients with Cushing's disease (CD). Our 10-year experience with pasireotide in CD is reported here. Twenty patients with de novo, persistent, or recurrent CD after pituitary surgery were treated with pasireotide from December 2003 to December 2014. Twelve patients were treated with pasireotide in randomized trials and 8 patients with pasireotide sc (Signifor ® ; Novartis AG, Basel, Switzerland) in clinical practice. The mean treatment duration was 20.5 months (median 9 months; range, 3-72 months). Urinary free cortisol (UFC) levels mean percentage change (± SD) at last follow-up was − 40.4 % (± 35.1; range, 2-92 %; median reduction 33.3 %) with a normalization rate of 50 % (10/20) . Ten patients achieved sustained normalized late night salivary cortisol (LNSC) levels during treatment. LNSC normalization was associated with UFC normalization in 7/10 patients. Serum cortisol and plasma ACTH significantly decreased from baseline to last follow-up. Body weight decrease and blood pressure improvement during pasireotide treatment were independent from UFC response. Glucose profile worsening was observed in all patients except one. The frequency of diabetes mellitus increased from 40 % (8/20) at baseline to 85 % (17/20) at last follow-up requiring initiation of medical treatment only in 44 % of patients. Pasireotide treatment was associated with sustained biochemical and clinical benefit in about 60 % of CD patients. Glucose profile alteration is a frequent complication of pasireotide treatment; however, it seems to be easy to manage with diet and lifestyle intervention in almost half of the patients. Supporting Information for this article is available online at http://www.thieme-connect.de/products Endocrine Care THIEME followed up to 6 years. This is the first study that reports detailed data of patients treated with pasireotide both in randomized trials and in clinical practice. The aim of the present study is to evaluate the efficacy and safety of short, medium, and long-term treatment with pasireotide and furthermore to investigate possible predictive factors of response to treatment, as well as risk factors for hyperglycemia-related adverse events (AEs) development in these patients.
Patients and Methods

▼ Patients
We retrospectively investigated 21 patients with de novo, persistent, or recurrent CD after pituitary surgery referred to our center (Division of Endocrinology, AOU Ospedali Riuniti, Ancona, Italy) and treated with pasireotide from December 2003 to December 2014. The diagnosis of active CD was made on the basis of clinical features and laboratory assessments according to the consensus statement and clinical practice guidelines [12, 13] . When appropriate inferior petrosal sinus sampling (IPSS) was performed to confirm the pituitary source of ACTH hypersecretion. Twelve patients were treated with pasireotide in randomized trials: 6 patients were enrolled and treated with subcutaneous (sc) pasireotide in Phase II (core and extension study) CSOM230B2208 [10, 14] and 6 patients were enrolled and treated with pasireotide sc in the Phase III study (core and extension study) CSOM230B2305 [8, 11] . The remaining 8 patients were treated with pasireotide sc (Signifor ® ; Novartis AG, Basel, Switzerland) in clinical practice. The mean treatment duration with pasireotide was 20.5 months (median 9 months; range, 3-72 months). One patient was treated with pasireotide only for 15 days and thus he was excluded from data analysis. Pasireotide sc was self-administered twice a day (at 09:00 and 21:00 h). The mean daily dose of pasireotide sc was 1 320 μg (range, 1 200-1 800 μg) at the beginning of treatment as well as 1 410 μg at last follow-up (range, 600-2 400 μg). For patients treated with pasireotide sc in randomized trials pasireotide dosage adjustment during follow-up was made according to protocol indication. In patients treated in clinical practice pasireotide dose increase or decrease was made on the basis of UFC levels, tolerance and clinical judgment. Clinical and biochemical assessments were scheduled according to protocol indication for patients enrolled in randomized trials and according to clinical practice in the remaining patients. In patients treated with pasireotide in randomized trials, the same biochemical parameters required by protocol and evaluated centrally were collected in duplicate for local assessment. The changes in clinical and biochemical parameters during pasireotide treatment were evaluated at month 3 and then at last follow-up. Tumor volume was assessed by pituitary MRI every 6 months in patients treated with pasireotide in randomized trial (protocol indication) as well as in patients treated with pasireotide in clinical practice but with the evidence of an ACTH-secreting macroadenoma before starting pasireotide treatment. In the remaining patients, pituitary MRI was performed every 12 months according to clinical practice.
Clinical evaluation
Clinical examination included weight, height, body mass index (BMI), waist circumference, and arterial blood pressure. Arterial hypertension was defined as the presence of systolic blood pressure (SBP) ≥ 140 mmHg, and/or diastolic blood pressure (DBP) ≥ 90 mmHg, and/or antihypertensive treatment [15] . Improvement in blood pressure during pasireotide treatment was determined if hypertensive patients passed to nonhypertensive values and/or if any antihypertensive treatment was modified (number of antihypertensive drugs reduced or reduced dosage) at the end of follow-up. The improvement of body weight during pasireotide treatment was defined by a > 5 % reduction between baseline values and last follow-up evaluation.
Hormonal evaluation
Hormonal evaluation included plasma ACTH, morning serum cortisol, late-night salivary cortisol (LNSC), and 24-houry urinary free cortisol (UFC) assessment. UFC levels were calculated as the mean value of at least 2 consecutive-day samples.
Biochemical evaluation
Biochemical assessment included glucose and lipid profile. The diagnosis of type 2 diabetes mellitus was made according to the criteria recently revised by the American Diabetes Association [16] . Patients were also considered diabetic if they were taking any hypoglycemic drug. At baseline, an oral glucose tolerance test (OGTT) was performed in all patients without a prior diagnosis of diabetes, not on therapy for the condition and with fasting plasma glucose (FPG) < 126 mg/dl. Based on American Diabetes Association criteria [16] the diagnosis of prediabetes was defined by the presence of impaired fasting glucose (IFG) or impaired glucose tolerance (IGT). We defined the new-onset diabetes as the occurrence of diabetes after pasireotide (NODAP) treatment in previously nondiabetic or prediabetic patients following pasireotide treatment. To identify potential risk factors for pasireotide-induced diabetes mellitus development the following parameters were considered: family history of diabetes, BMI, waist circumference and HOMA-IR. Insulin resistance was assessed by homeostasis model assessment (HOMA) by the following formula: HOMA-IR = (fasting glucose (mmol/l) × fasting insulin (mU/l)/22.5 [17] .
Assays
All biochemical assessments were performed in our Institute. Chemiluminescent immunometric assays were used to measure plasma ACTH (Immulite, DPC, Los Angeles, CA, USA) and serum cortisol (Advia Centaur; Bayer Diagnostics, Newbury, UK). Method sensitivity was 4.54 pg/ml for plasma ACTH and 0.4 mg/ dl for serum cortisol; intra-assay and interassay variation coefficients were 3.4 and 4.8 % for plasma ACTH and 4.4 and 6.0 % for serum cortisol, respectively. Normal ranges: 0-46 pg/ml for plasma ACTH and 5-23 μg/dl for morning serum cortisol (08:30 h).
Considering the different assays used from 2004 to 2014 for UFC and LNSC measurements and consequently the different normal values, we expressed all the data as the ratio between the detected value and the upper normal limit (ULN) of each assay. Plasma glucose, glycated hemoglobin (HbA1c), insulin levels, total serum cholesterol, serum triglycerides, low-density lipoprotein (LDL), and high-density lipoprotein (HDL) were measured by standard procedures.
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Predictive factors of response to pasireotide treatment
Looking to possible predictive factors of response to pasireotide in CD the following baseline parameters were investigated: age, sex, disease type (de novo, persistent, recurrent), disease severity (mild, moderate, severe), plasma ACTH, serum morning cortisol, and LNSC levels as well as ACTH response to CRH and/or desmopressin (DDAVP) stimulation test and/or serum cortisol levels after 1 mg dexamethasone suppression test (1 mg DST). UFC, LNSC, plasma ACTH, and morning serum cortisol percentage changes in the first 3 months of treatment with pasireotide were also evaluated. Response to treatment was defined on the basis of UFC reduction/normalization and clinical improvement over time.
Statistical analysis
The Kolmogorov-Smirnov test was applied to verify the normal distribution of quantitative variables. Based on data distribution, comparison of continuous variables between the 2 groups was performed by the Student's t-test or the Mann-Whitney rank sum test. One-way ANOVA or Kruskal-Wallis ANOVA was used to compare variables between different groups and the Bonferroni test for post-hoc analysis. Categorical variables were analyzed by the χ 2 test or Fisher's exact test if appropriate. Linear relationships between parameters were tested using the Pearson product-moment correlation coefficient (r). Logistic regression analysis was used to assess the association between response to pasireotide treatment (dependent variable) and age, sex, disease severity, disease type, duration of pasireotide treatment, baseline plasma ACTH, morning serum cortisol, LNSC, and UFC levels as well as hormonal response at month 3 (independent variables). Receiver operating characteristic (ROC) curve analysis were used to evaluate the predictive value of the UFC and LNSC percentage reduction at month 3 for the response to treatment with pasireotide. ROC curves were generated by plotting the relationship of true positivity (sensitivity) and false positivity (1 − specificity) at various cutoff points of the tests. Efficacy of pasireotide was evaluated using the intention-to-treat analysis last observation carried forward (LOCF). A p-value < 0.05 was considered significant. All statistical analyses were performed using SPSS software version 22.0 (SPSS Inc., Chicago, IL, USA).
Results
▼
Baseline characteristics of the study population are reported in • ▶ Table 1 .
Efficacy
Urinary free cortisol
In the overall population, the mean percentage change (± SD) at last follow-up was − 40.4 % (± 35.1; range, 2-92 %; median reduction 33.3 %) with a normalization rate of 50 % (10/20). Compared to baseline values the reduction in UFC levels was significant both at month 3 and at last follow-up (p < 0.05). Among the 10 CD patients that normalized UFC levels during pasireotide treatment, normalization occurred by months 1-3 in the majority of them (8/10; 80 %). The mean percentage reduction in UFC values at month 3 and at last follow-up according to disease severity at baseline (mild, moderate and severe) are shown in • ▶ Fig. 1 .
Patients achieving normalized UFC levels during pasireotide treatment were older (54.7 ± 11.7 vs. 44.8 ± 8.5 years; p = 0.046) and showed a significant mean percentage reduction at month 3 (54.6 ± 21.1 vs. 31.2 ± 20.3 %; p = 0.025) than those who did not, while no significant differences were found in gender distribution, disease severity, disease type (de novo, persistent or recurrent), pituitary imaging (microadenoma, macroadenoma, or no visible adenoma) and pasireotide treatment duration. When patients were evaluated according to treatment setting (clinical practice vs. randomized trials), patients treated with pasireotide in day-to-day clinical practice showed a trend towards higher rate of normalized UFC levels compared to those enrolled in randomized trials (75 vs. 33 %; p = 0.08). Endocrine Care THIEME All the patients treated with pasireotide in clinical practice had a mild to moderate hypercortisolism and a median shorter duration of pasireotide treatment compared to patients enrolled in randomized trials (7 vs. 18 months; p = 0.04). Baseline and follow-up features of the study population according to treatment setting are reported in Table S1 . UFC data during pasireotide treatment for each patient are detailed in • ▶ Table 2 .
A positive correlation was found between UFC percentage change at month 3 and UFC percentage change at last follow-up (r = 0.52; p = 0.02). No significant correlation was found between UFC percentage change at both time-points and baseline UFC values. 
Plasma ACTH, morning serum cortisol and LNSC
Clinical and biochemical parameters
Treatment with pasireotide was associated with significant clinical improvement. Body weight improved in about 70 % of patients (14/20) . The mean changes (± SD) in body weight were − 6.9 kg (± 9.8 kg) from baseline to month 3 (84.8 ± 18.5 kg vs. 77.8 ± 20.2 kg; p = 0.006) and − 9.9 kg (± 11.7 kg) from baseline to last follow-up (84.8 ± 18.5 kg vs. 73.5 ± 21 kg; p = 0.001). Waist circumference values significantly decreased from baseline to last follow-up (100.3 ± 14.3 cm vs. 87 ± 13.5 cm; p = 0.003).
Blood pressure improved in about 70 % of patients (14/20) . The prevalence of hypertension significantly reduced from baseline to last follow-up (85 vs. 65 %; p = 0.031). The mean changes (± SD) in arterial blood pressure from baseline to last follow-up were − 10.2 mmHg (± 17.3 mmHg) for SBP (133.7 ± 13.9 mmHg vs.
123.5 ± 10.9 mmHg; p = 0.016) and − 5.2 mmHg (± 8.2 mmHg) for DBP (89 ± 10 mmHg vs. 83.8 ± 6.1 mmHg; p = 0.011). Among the 14 CD patients with blood pressure improvement during pasireotide treatment, improvement was more frequent in patients with concomitant body weight decrease (85.7 vs. 33.3 %; p = 0.037).
When patients were divided according to UFC response at last follow-up (controlled, partially controlled and uncontrolled), no significant differences were found in the percentage of patients achieving improved body weight and/or blood pressure ( • ▶ Fig. 2 ).
Data about BMI and blood pressure during pasireotide treatment for each patient are detailed in • ▶ Table 2 .
Regarding lipid profile, changes in total cholesterol, LDL, HDL, and serum triglycerides levels during pasireotide treatment were not statistically significant. It should be noted, however, that serum triglycerides showed a trend toward increased levels at month 3 (129 ± 54 mg/dl vs.151 ± 88 mg/dl; p = 0.08) followed by a subsequent decrease reaching mean values of 134 ± 68 mg/ dl at last follow-up.
Glucose profile
As expected, glucose and HbA1c levels increased soon after pasireotide initiation but stabilized after initiation of glucose FPG levels increased after initiation of pasireotide treatment with a mean (± SD) change from baseline of 62 mg/dl (± 67 mg/dl) at month 3 (85.5 ± 10.5 mg/dl vs. 148.2 ± 73.4 mg/dl; p = 0.003) and 46 mg/dl (± 55 mg/dl) at last follow-up (85.5 ± 10.5 mg/dl vs. 139.8 ± 47.0 mg/dl; p = 0.005). Consistent with increases in FPG, the mean changes (± SD) in HbA1c levels were 17 mmol/mol (± 14 mmol/mol) from baseline to month 3 (37 ± 4.7 mmol/mol vs. 54 ± 15.2 mmol/mol; p = 0.001) and 14 mmol/mol (± 8.6 mmol/mol) from baseline to last followup (37 ± 4.7 mmol/mol vs. 53 ± 8.5 mmol/mol; p = 0.001). The greatest increase in HbA1c levels occurred during the first 3 months of pasireotide treatment to stabilize thereafter. The trend of HbA1c levels during the first 3 months of treatment was similar to that observed for serum triglycerides. A significant positive correlation was found between HbA1c levels and serum triglycerides both at month 3 (r = 0.59; p = 0.02) and at last follow-up (r = 0.55; p = 0.01).
In patients not receiving glucose-lowering medications at baseline, at least one medication was started during pasireotide treatment in 8 out of 18 patients (44 %). All these patients except 2 achieved a satisfactory glucose control ( • ▶ 
Predictive factors of response to pasireotide treatment
In the overall population, the response rate to pasireotide treatment was 12/20 (60 %). Two patients reduced UFC levels without normalization but were considered responsive to treatment for the significant clinical improvement achieved. The majority of responder patients (9/12) showed normalized UFC levels at month 3 (75 vs. 12.5 % in the nonresponder group; p = 0.01). No significant differences were found between responders and nonresponders to pasireotide treatment in baseline features such as age, sex, disease severity, disease type, plasma ACTH, morning serum cortisol, LNSC, and UFC levels as well as response to dynamic test (CRH and DDAVP stimulation test; 1 mg DST).
Logistic regression analysis showed that response to treatment was independent from baseline features (age, sex, disease severity, disease type, plasma ACTH, morning serum cortisol, LNSC, and UFC levels) as well as duration of pasireotide treatment and hormonal response at month 3.
The prognostic profiles of the UFC and LNSC percentage change from baseline to month 3 in predicting response to treatment with pasireotide was evaluated using ROC curve analysis.
A reduction ≥ 43 % in UFC levels at month 3 was able to predict response to treatment with 63 % sensitivity (SE) and 62 % specificity (SP) while a reduction ≥ 43 % in LNSC values at month 3 was associated with a 62.2 % SE and 75 % SP in predicting response to treatment. All the other cutoff points were associated with a worse prognostic profile. Endocrine Care THIEME
Adverse events
The safety profile of pasireotide in our experience was similar to the safety profile of other somatostatin analogues with respect to adverse events such as gastrointestinal symptoms and gallstones, except for the higher frequency of hyperglycemia with pasireotide.
Glucose changes during pasireotide treatment in our patients have been previously detailed. It should be noted however that no patient discontinued treatment for hyperglycemia-related AEs. The most frequently reported AEs were grade 1 or 2 gastrointestinal disorders (diarrhoea, abdominal pain and decreased appetite) that in the majority of patients occurred in the first month of treatment and spontaneously resolved without intervention.
One patient discontinued treatment for persistent diarrhoea, which occurred at month 18 and in one patient gastrointestinal symptoms required pasireotide dose reduction. Of the 18 patients with normal gallbladder on ultrasonographic examination at baseline, 6 (33 %) who developed gallstones at month 6 or 9 were treated with ursodesoxycholic acid. A mild and transient elevation in liver enzyme levels occurred in 2 patients (10 %), normalized with continued pasireotide treatment. Hypocortisolism-related adverse events were reported in 2 patients (10 %). This condition resolved with a reduction in the pasireotide dose or temporary interruption of treatment. No patients had QT interval alterations or significant electrocardiographic changes.
Discussion
▼
The results of our study confirm the efficacy and safety of pasireotide even in the long-term in a considerable percentage of CD patients. The median duration of pasireotide treatment is 9 months (range 3-72 months) with 3 patients treated for more than 4 years without loss of efficacy. UFC normalization occurred in 50 % of patients and biochemical as well as clinical response to treatment was observed in about 60 % of patients. In 2 patients, UFC normalization was achieved by increasing pasireotide dosage. Compared to results of both the Phase III study and the Phase II extension study [8, 10, 11] a greater percentage of our patients achieved normalized UFC levels during medium/longterm treatment with pasireotide. However, when our patients were evaluated according to treatment setting (clinical practice vs. randomized trials), patients treated with pasireotide in dayto-day clinical practice showed a trend towards a higher rate of normalized UFC levels compared to those enrolled in randomized trials (75 vs. 33 %). It should be noted that the majority of patients treated with pasireotide in clinical practice had mild hypercortisolism. Thus, it is reasonable to assume that the discrepancies observed in the percentage of CD patients responsive to treatment are probably related to the higher prevalence of mild hypercortisolism in our cohort of patients than that reported in clinical trials. Normalization of UFC levels during follow-up seems more likely to be achieved in patients with lower baseline levels than in patients with higher baseline levels suggesting a greater effectiveness of pasireotide in mild hypercortisolism. However, when our patients were evaluated according to disease severity the prevalence of UFC normalization was similar in patients with mild, moderate or severe hypercortisolism. In addition, while UFC response (normalization or reduction) to pasireotide in the first months of treatment seems to be predictive of long-term response in patients with mild and moderate hypercortisolism, in our experience patients with severe hypercortisolism seem to achieve additional UFC reduction during continuative treatment with pasireotide leading to a delayed UFC normalization [18] . In line with this consideration, CD patients treated with pasireotide have to be evaluated in the first months of treatment not only for biochemical efficacy but also for clinical benefit taking into account that the improvement in UFC levels during pasireotide treatment may require several months and that blood pressure and/or body weight may improve regardless of UFC response. As expected CD patients treated with pasireotide in clinical practice had a median shorter duration of treatment than patients enrolled in clinical trials (7 vs. 18 months) . This difference should not be considered as a bias for the increased prevalence of normalized UFC levels observed in clinical practice. In our extensive experience, the benefit achieved during pasireotide treatment is sustained over time without escape phenomenon in the long-term. Pasireotide seems to be useful also as short-term pre-surgical treatment in critically ill CD patients [19] . In our population, 2 patients with de novo CD were treated with pasireotide for 6 months in clinical practice in order to improve clinical and biochemical parameters before pituitary surgery. In both cases, a normalized UFC was achieved as well as a significant clinical improvement followed by an effective surgical treatment without complications during surgery or in the post-surgical period. Looking for possible predictive factors of long-term response to pasireotide, we evaluated the UFC percentage change in the first months of treatment using a ROC curve analysis. Unfortunately no cutoff values achieved a satisfactory prognostic profile.
It should be remembered that UFC assessment has several limitations mainly related to analytic issues and the high withinsubject variability observed in patients with endogenous hypercortisolism [20, 21] . For these reasons it is advisable that biochemical response to pasireotide be defined not only on the basis of UFC levels but also using further biochemical markers, such as LNSC. The combined evaluation of UFC and LNSC seems to provide additional information on the achievement of adequate disease control during medical treatment [22] [23] [24] [25] . In our experience, there is a strong relationship between UFC and LNSC levels. In particular, the majority of patients (7/10) with normalized UFC during pasireotide treatment achieved normalized LNSC even in the long-term.
To identify early CD patients responsive to treatment with pasireotide, we also analyzed baseline features of our patients. Unfortunately no significant baseline predictive factors were found. However, our previous data suggest the usefulness of an acute pasireotide suppression test (PST) in predicting long-term response to pasireotide in patients with CD [26] . In particular, we found that an LNSC percentage fall > 27 % as well as a normalization of this parameter during PST is associated with a probability of 100 % of achieving a favorable response to pasireotide treatment in the medium/long term [26] . About the effect of pasireotide on tumor mass, a recent publication [27] focusing on this topic demonstrated the marked reduction in tumor size in a small cohort of CD patients after 6-12 months of pasireotide treatment until the complete disappearance of pituitary tumor in one case.
Conversely, no significant changes in tumor volume occurred during pasireotide treatment in our patients. It should be specified, however, that all patients except one with a measurable pituitary lesion at baseline had a microadenoma or a minimal Endocrine Care THIEME post-surgical residual tumor. Therefore, the apparent lack of reduction in pituitary tumor size observed in our patients seems to be more probably related to the difficulty in appreciating significant changes in patients with very minimal pituitary lesions, despite the neuro-radiologist experience. One patient had a pituitary macroadenoma but he was treated with pasireotide only for 6 months and in this period no significant changes were found. Our extensive experience with pasireotide in CD also supports its long-term safety. Pasireotide had a safety profile similar to that of first-generation somatostatin analogues, except for the increased frequency of hyperglycemia. Hyperglycemia is a wellcharacterized effect of pasireotide treatment [28] , however, in our experience it was more easily managed than expected with no patients discontinuing treatment for this AE. Glucose metabolism impairment is a common complication of endogenous hypercortisolism. Epidemiological data report a prevalence of overt diabetes mellitus in patients with Cushing's syndrome (CS) ranging from 20 to 50 % [5, 29] . However, as these frequencies are mainly based on measurement of fasting blood glucose, the real impact of hypercortisolism on glucose profile is not completely known and probably greatly underestimated [5] . Fasting blood glucose is often normal in endogenous hypercortisolism and glucose metabolism impairment is more frequent in the postprandial period and rarely investigated [5] . All patients with CS should be investigated for glucose profile alterations with OGTT and HbA1c measurement. In our cohort of patients the prevalence of diabetes mellitus at baseline was carefully evaluated resulting in about 40 %. This prevalence increased to 85 % during pasireotide treatment. The impact of pasireotide on glucose metabolism in CD is complex and this drug may worsen a pre-existing prediabetes/diabetes as well as induce a NODAP [30, 31] . At baseline overt diabetes mellitus was detected in 40 % of our CD patients while 25 % of them showed a prediabetic state. Therefore a glucose profile impairment was present at baseline in 65 % of patients. Conversely only 7 patients had an NGT state at baseline and 4 of them (57 %) developed overt diabetes mellitus during pasireotide treatment. Therefore, only in these patients the definition of NODAP may be strictly applied. These data confirm the significant impact of pasireotide on glucose metabolism in CD but at the same time highlight the need for a careful evaluation of the glucose profile before starting pasireotide administration to identify patients at greatest risk of developing hyperglycemiarelated AEs during treatment. In our experience all patients with a prediabetic state at baseline become diabetic during pasireotide treatment. Our results suggest also that risk factors for diabetes mellitus during pasireotide treatment seem to include a positive family history such as obesity and increased waist circumference.
Our data confirm that glucose impairment occurred soon after pasireotide initiation (first 1-3 months) and stabilized after glucose lowering interventions. In particular, in our experience, hyperglycemia was easily managed with only diet and lifestyle intervention in about half of patients. In patients not receiving glucose-lowering medications at baseline, at least one medication was started during pasireotide treatment only in 44 % of patients with a satisfactory glucose control in the majority of them. Therefore, the clinical impact of this AE appears lower than expected.
Studies in healthy volunteers showed that hyperglycemia associated with pasireotide treatment results from a decrease in incretin and insulin secretion, with no change in insulin sensitivity [28] . Based on these data, recent expert reports recommend the preferential use of GLP-1 based-medications for the management of hyperglycemia during pasireotide in CD [30, 31] . These recommendations were applied in our patients only in recent years while metformin, if not contraindicated and if tolerated, was our preferred initial pharmacological agent with quite a good response. The important role of metformin in patients with CD is supported by the beneficial effect on insulin resistance (a typical feature of patients with CD) and by the additional inhibitory effect on visceral adipose tissue accumulation mediated by the adenosine monophosphate-activated protein kinase (AMPK) [32] .
It should be noted, however, that no interventional studies have been performed in patients with CD to investigate the physiopathology of pasireotide induced hyperglycemia and it is possible that mechanisms are different from that reported in healthy subjects. Further investigations in this topic are needed.
In line with previous data [9] , even in our patients glucose control during pasireotide treatment was independent from UFC response. It remains unclear why UFC normalization was not associated with diabetes mellitus improvement although single case reports suggest the possible recuperation of an NGT state [25] as well as the significant improvement of pre-existing diabetes mellitus after continued use of pasireotide and control of underlying hypercortisolism [18, 33] .
Given the high risk of progression of prediabetes to diabetes, we suggest to consider glucose-lowering interventions (lifestyle changes and/or metformin) before pasireotide initiation in patients with a prediabetic state. Pre-existing diabetes mellitus is not a contraindication to pasireotide treatment and control of CD may outweigh any negative effects of the drug on glucose metabolism [18, 33] .
As for the first-generation somatostatin analogues gastrointestinal disturbances, even generally transient and of mild-to-moderate degree, represent the most frequent AE during pasireotide treatment. A relatively high percentage of our patients (33 %) developed gallstones after 6-9 months of pasireotide treatment.
Considering this data a close and careful monitoring of gallbladder ultrasound is recommended.
In conclusion, although apparently in a limited number of cases, our experience supports the extended treatment with pasireotide in CD in clinical practice. Pasireotide treatment is associated with sustained biochemical and clinical benefits in about 60 % of CD patients. Glucose profile alterations are a frequent complication of pasireotide treatment; however this AE seems to be easily managed with diet and lifestyle intervention in almost half of the patients.
